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Gai t speed is a powerful predictor of long-term mortality in the elderly. 1 Recent studies suggest an association between habitual gait speed and clinical outcomes in surgical inpatients older than 65 yrs. 2 In particular, slow gait speed was shown to correlate with mortality from strokes and cardiovascular disease. 3 It is generally thought that older patients (965 yrs old) are likely to have worse surgical outcomes. 4 However, old age remains a crude and unreliable predictor of postsurgical outcomes. 4 Because of the heterogeneity and variance among patients of physiologic and chronological age, measurements of frailty or functional status may be superior to age as markers of perioperative risk. 5 It has been suggested that gait speed may provide a quick, simple, objective, inexpensive, and reproducible test that will allow effective stratification of patients' functional status and has shown promise in some investigations. 6, 7 As a singular measure of frailty, gait speed also predicts costs of hospitalizations, length of hospital stay, and emergency department visits after major surgery. 8 Given that total time to postoperative discharge in the postanesthesia care unit (PACU) is an important determinant of the overall costs of care, 9 understanding how gait speed in the ambulatory surgical population relates to discharge time may provide an important preoperative tool for stratifying anticipated healthcare resources. 10 Previous studies of gait speed have used retrospective data and relatively small sample sizes in an inpatient setting, making it difficult to generalize results and implement findings within ambulatory surgical practice. 11 Thus, there is the need for larger prospective studies of gait speed within the ambulatory setting.
With the rise in demand for early discharge after ambulatory surgery and anesthesia, several criteria have been proposed to determine home readiness. 12Y14 However, there are no standardized discharge readiness cutoff times to guide clinical decision making. 15Y17 Standard discharge criteria and discharge readiness times will allow for better comparative analysis of patient outcomes in the ambulatory setting. Safe and early home discharge (60Y90 mins after surgery) have been shown to be key for patient satisfaction, an indicator of quality outcomes. 18Y20 A related measure of quality care is the incidence of unplanned admissions after surgery. Traditionally, there has been strong association between high levels of comorbidity and the risk for unplanned admissions, with the likelihood of an unplanned admission highest in the immediate postdischarge period. 21 Current evidence shows that clinicians cannot reliably predict which patients will be readmitted. 22 This may be caused by the lack of focus on measures of preoperative physical function. Therefore, predictive tools inclusive of performance measures, such as gait speed, could provide an anticipatory window of time for clinicians and care managers/coordinators to coordinate and align resources for those at risk for converted discharges (unplanned admissions). Reports in the literature suggest that early rehabilitative training months in advance of surgery and immediately after acute illness reduces the risk for postoperative readmissions, morbidity, and mortality. 23, 24 Thus, renewed emphasis on physical function as a target of rehabilitative interventions holds promise to help reduce unplanned admissions and to improve the quality of patient care.
This prospective study therefore sought to design prediction models based on gait speed to determine early home discharge (defined here as readiness for home discharge in e90 mins) and to identify those at risk for unplanned admissions. It is anticipated that identifying those specific preoperative predictors of early discharge and unplanned admissions after ambulatory surgery will better assist clinicians to provide cost-effective care and to meet the postoperative needs of patients.
METHODS

Study Design
With institutional review board approval, including a waiver of written informed consent, oral consent was obtained, and patients were evaluated before elective ambulatory surgery. The patients fulfilling the inclusion criteria were all adult patients (Q18 yrs) undergoing elective ambulatory surgical procedures at a major academic hospital center. The exclusion criteria included patients demonstrating a historyVor with obvious findingsV of back pain and movement disorders and those with anticipated lower limb surgery or the inability to complete the gait speed test.
While in street clothes and shoes, the consenting patients completed a 6.10-m (20-ft) walk test on a level, noncarpeted floor in a well lit area. The gait test was demonstrated to the study participants before performance to ensure that they understood how to perform the test. The participants were then asked to walk at a self-selected usual pace from a standstill position. All gait measurements were performed by the same examiner (C.A. Odonkor). Time to walk the 6.10-m track was defined as the time between the first footfall after the 0 mark and the first footfall after the 6.10-m mark. 25 The following clinical and demographic variables were also collected and assessed: age; sex; race; surgery and anesthesia technique (general anesthesia [endotracheal tube, laryngeal mask airway], monitored anesthesia care, regional anesthesia); American Society of Anesthesiologist's Physical Status; body mass index in kg/m 2 ; preoperative blood pressure (millimeters of mercury) and respiratory rate; self-reported health; previous surgery and hospitalization; history of atrial fibrillation, hypercholesterolemia, stroke, heart disease, diabetes, hypertension, chronic obstructive pulmonary disease, asthma, and emphysema; smoking and exercise history; total surgery time (time between surgical incision to placement of surgical dressing); total anesthesia time (time between preoperative evaluation in holding area to arrival time in PACU); total operating room time (time between arrival and departure from operating room); and postoperative and PACU blood pressure, respiratory rate, oxygen saturation, and pain (as measured via the validated visual analog scale). The primary outcomes were (1) home discharge readiness time of 90 mins or less and (2) unplanned admissions from the PACU (i.e., discharges that were converted to admissions). The secondary outcomes were the occurrence of 24-hr postoperative complications of nausea/vomiting, minor bleeding, and pain. Determination of home discharge readiness was made by PACU nursing and anesthesia staff at regular 15-min intervals using the validated and well established modified Aldrete scoring system discharge criteria (Appendix 1). 26, 27 A patient was only considered to be discharge ready when he/she met all discharge criteria or had a minimum score of 8 or higher using the modified Aldrete scoring system. 26, 27 The final time at which a patient met the discharge criteria was recorded in the patient chart. All personnel performing discharge evaluations were blinded to the results of the gait speed test. To assess postoperative complications, all subjects were contacted 24 hrs postoperatively by the PACU nursing staff to ascertain the occurrence of nausea/vomiting, bleeding, postoperative pain, and other self-reported complications.
Statistical Analysis
To determine the optimal number of patients required to observe a statistically significant association between gait speed and discharge readiness in the ambulatory surgical setting, an a priori power analysis was performed using the Power Analysis and Sample Size software (2008, Kaysville, UT). The analysis showed that, assuming a 0.2 association between the predictor and the outcome, a sample size of 600 gave at least 80% power to reject the null hypothesis of zero association between gait speed and time to discharge readiness, using a two-sided hypothesis test, with P G 0.05 considered as significant.
All remaining statistical analyses were conducted using the SAS software, version 9.2 (Cary, NC). The Shapiro-Wilk test was used to test for normality of continuous outcomes. Descriptive statistics were calculated: continuous and normally distributed data were presented as mean T standard deviation and were compared with the Student's t test; nonnormally distributed data were presented as median (interquartile range) and were compared with the Wilcoxon's rank-sum test for unpaired data. Seven outliers (defined statistically as discharge readiness times greater than 3 SDs from the mean value) were removed before analysis.
The association between each variable and each primary outcome was quantified by bivariate analysis. All candidate variables with P e 0.2 in the bivariate analysis were retained for entry in the multivariable logistic regression models to identify explanatory predictors that were independently associated with the primary outcomes. Separate models were created for each primary outcome. Interaction effects were also considered in the analysis. Gait speed was treated as a continuous variable in all models. To account for uneven distribution, a complementary-log logfunction was used to analyze the outcome of unanticipated admissions. The model predicting discharge readiness time of 90 mins or less was internally validated using the Monte-Carlo cross-validation and bootstrapping methods with 2 Â 10 4 iterations. 28, 29 The model predicting unanticipated admissions could not be cross-validated by the same methods because of the skewed distribution of the outcome. The relationship between gait speed and secondary outcomes (nausea, vomiting, and bleeding) was evaluated by logistic regression analysis (with occurrence of one or more complications given a value of 1 and no complications given a value of 0). All statistical analyses were done with the SAS, version 9.2 (Cary, NC), and P G 0.05 was considered statistically significant.
RESULTS
Of the 720 patients approached, 664 consented for inclusion in this study, 44 declined participation, and 12 did not meet the inclusion criteria. Of those who consented and were completing this study, 53 patients were lost because of missing data, 1 patient died intraoperatively from major vessel rupture and organ perforation, and 8 were lost because of surgery cancellation. The data of 602 patients were used in the final statistical analysis. (Fig. 1 ) The demographics and clinical characteristics of the study population are listed in Table 1 . The median gait speed was 0.91 m/sec with an interquartile range of 0.80Y1.03 m/sec ( Fig. 2A ), and the median home discharge readiness time was 89 mins (interquartile range, 61Y126; Fig. 2B ). The rate of unplanned admissions was 9.5% (n = 57), and the rate of early discharge was 51% (n = 307). The bivariate analysis identified the following explanatory variables for both primary outcomes (P e 0.2) that were entered into the multivariable logistic regression models: age, female sex, body mass index (overweight), gait speed, anesthesia technique, surgical risk, preoperative mean arterial pressure and heart rate, number of chronic conditions, and postoperative pain.
In the multivariable logistic regression models, the following independent predictors were associated with early home discharge readiness of 90 mins or less: gait speed (continuous variable) with adjusted odds ratio of 3.71 (95% confidence interval [CI], 1.21Y11.26), P = 0.02, and preoperative heart rate with adjusted odds ratio of 1.02 (95% CI, 1.008Y1.04), P = 0.004 ( Table 2 ). The covariates of preoperative mean arterial pressure (P = 0.001) and comorbidity status (P = 0.02) were also significant predictors. The area under the curve for this model was 0.78 (95% CI, 0.74Y0.82; Fig. 3 ). In a separate logistic regression model (Table 3) , the following predictors were found to be independently associated with unplanned admissions after elective ambulatory surgery, when other covariates were held constant: history of cardiac surgery or cardiac disease with adjusted odds ratio of 7.5 (95% CI, 2.34Y24.41; P = 0.001) and history of hospitalizations (P = 0.0001). The area under the curve for this model was 0.72 (95% CI, 0.67Y0.79; Table 3 ).
Gait speed as a continuous variable was not significantly associated with unplanned admissions (Table 3 ). However, when stratified by groups (G1 m/sec vs. Q1 m/sec) based on well established and validated 1 m/sec cutoff, 30 the odds ratio of unplanned admissions for those with gait speed of 1 m/sec or greater was 0.35 (95% CI, 0.16Y0.76; FIGURE 1 Flow diagram of patient enrollment. P = 0.008) in comparison with those with gait speed of less than 1 m/s ( Table 4 ). The positive and negative predictive values were 85.9 (95% CI, 74.2Y93.7) and 31.6 (95% CI, 27.7Y35.7), respectively (Table 4 ). Overall, the predicted probability of early discharge increased proportionally with increasing gait speed ( Fig. 4 ). There were no sig-nificant interaction effects identified among the predictors for either models of early discharge or unplanned admissions. For the secondary outcomes, one patient died intraoperatively (laparoscopic surgery) of major vessel rupture and organ perforation (0.17%); 126 patients (20.93%) experienced significant postoperative pain in the PACU as measured by (Table 5 ). Gait speed did not predict the incidence or the number of 24-hr postoperative complications (data not shown).
DISCUSSION
This prospective observational study is the first to show that preoperative gait speed serves as a clinically important predictive marker for early home discharge readiness (e90 mins) in the ambulatory surgical setting. Stratified by a validated 1 m/sec cutoff, 30 there was a 65% decrease in the odds of unplanned admissions for those with gait speed of greater than 1 m/sec as compared with those with gait speed of less than 1 m/sec, with good predictive reliability (Table 4 ). These findings corroborate the results of other studies that demonstrate that gait speed predicts length of hospital stay in older surgical and stroke patients. 30 The study results underscore a potential novel use of gait speed in the preoperative screening and evaluation of patients within the clinical setting, in Surgical risk was categorized as major intervention vs. minor intervention. Minor intervention was defined as all of the following: surgery duration of less than 1 hr, expected blood loss of less than 500 ml, and no opening of visceral cavity (except in case of diagnostic laparoscopic procedures). Major intervention was defined as any of the following: duration of procedure of 1 hr or longer, expected blood loss of 500 ml or more, opening of visceral cavity, and potential massive respiratory or hemodynamic effects as a result of surgery.
a Model was adjusted for sex (P = 0.07), anesthesia technique (P = 0.14), surgical risk (P = 0.8), preoperative mean arterial pressure (P = 0.001), and comorbidity status (P = 0.02).
OR indicates odds ratio. anticipation of elective surgery. Importantly, the significant association with early discharge suggests a plausible use of gait speed to identify those patients at the highest levels of function who may not require postanesthesia care services and thus may be eligible for a fast-track discharge pathway. Presumably, these patients with higher physical functional status could be sent home directly after surgery. Therefore, gait screening holds the potential for an efficient means to reduce overall costs of care. Given the reported association between patient satisfaction and early discharge, this may help improve overall health quality outcomes. 18Y20 Although physiatrists recognize and emphasize function in the clinical care of patients, there is a general underappreciation of the role of physical functional markers in surgical care. 31 The predictive association of gait speed with early discharge and unplanned admissions therefore marks an important opportunity to re-emphasize the importance of an interdisciplinary team-based approach to preoperative screening and evaluation of patients. Predictive tools inclusive of mobility measures, such as gait speed, could provide an anticipatory window for referral of those at the lowest levels of function to physiatrists and other care providers to help improve functional performance and overall health outcomes. This allows for a more comprehensive and collaborative approach to addressing patients' needs. As demonstrated by previous reports, early rehabilitative training months in advance of surgery and immediately after acute illness reduces the risk for postoper-ative readmissions and complications. 23, 24 Therefore, an interdisciplinary team-based approach to care in the clinical setting with a focus on physical function could help improve quality outcomes within the context of elective ambulatory surgery.
This study's findings of the independent association of patients' history of cardiac surgery and previous hospitalizations with unplanned admissions corroborate recent reports by others that indicate that preoperative factors such as age, type of surgery, and medical history may be better predictors of perioperative complications and adverse outcomes than are expensive routine preoperative laboratory tests. 4 This suggests that in the current climate of increasing healthcare costs, it is clinically more expedient to shift focus to less expensive but reliable and validated preoperative measurements that allow for better risk stratification and prognostication of outcomes. By showing the association of preoperative gait speed, history of cardiac surgeries, and previous hospitalizations with unanticipated admissions in the ambulatory surgical setting, the results of this study further emphasize the importance of a simple test, such as gait speed, and the need for a good medical history in the preoperative screening and assessment of patients.
The association of gait speed with ambulatory surgical outcomes begs the question of why a simple functional marker such as gait speed seems to be a potent predictor of outpatient surgical outcomes. As demonstrated in previous studies, gait parameters are influenced by both central and peripheral neurologic Area under the curve/c-statistic for the model = 0.72 (95% CI, 0.67Y0.79). a Model was adjusted for sex (P = 0.05), anesthesia technique (P = 0.71), surgical risk (P = 0.08), and history of hospitalizations (P = 0.0001).
OR indicates odds ratio. factors. 32, 33 Seminal work by others shows that a decline in peripheral nerve function secondary to peripheral vascular disease is an important source of mobility decline. 34, 35 Gait speed has also been proven to have good relationship with lower limb power and strength. 32,36Y38 In view of this, gait serves as a seemingly good proxy of health attributes that are important to recovery from physiologic perturbation as a result of surgery. Although a simple walking test, gait speed captures very essential cognitive, central, and peripheral neurologic components of an individual's health, which belies its complexity. 33 That all these aspects of health could be accurately reflected in this simple test with predictive association with important postsurgical outcomes further underscores the potential utility of gait testing in the ambulatory surgical setting. Importantly, the identification of reliable preoperative predictors offers an interesting area for future research to consider how functional measures such as gait speed could be incorporated into a composite preoperative risk score that takes into account other factors such as age, sex, surgical risk, preoperative heart rate, and postoperative pain. This composite score may provide a more robust clinically relevant prediction of extended and delayed PACU stay and allow for a rapid reliable way to identify high-risk ambulatory surgical patients, who may require more postoperative care.
Given that various clinical scenarios (such as surgical complications, postoperative nausea and vomiting, pain, hemodynamic disturbances, and cognitive problems) may increase the length of stay in the PACU, home discharge readiness was chosen as the surrogate marker because of the feasibility and the simplicity of measuring this indicator of quality outcomes in the busy setting of the ambulatory surgical center. This study thus sets the stage for future research to investigate the predictive association of preoperative markers, such as gait speed, with specific postoperative outcomes, such as pain, nausea, and vomiting, which may have a potential influence on discharge outcomes. Overall, the rather low incidence of nausea and vomiting (G2%) in the PACU suggests that this factor may not play a significant role in the determination of discharge outcomes. Of note, adjusting for all other covariates, postoperative pain did not associate with discharge readiness. This may be caused by the attenuating effects of postoperative analgesics in the patients' experience of pain, leading to a mixed effect on overall recovery time. Future studies focusing on predictors of reported postoperative pain severity in relation to preoperative FIGURE 4 Predicted probability of early home discharge increases proportionally with increasing gait speed.
TABLE 5
Incidence of 24-hr postoperative complications among the respondents (N = 306) after elective ambulatory surgery functional status and preoperative pain levels may add to the understanding of this important outcome.
The strength of the present study lies in the fact that it prospectively tested and evaluated readiness to discharge rather actual discharge time from the PACU. This made it possible to bypass some of the logistical issues of lack of escorts and other systemic delays that could have biased the findings and prolonged home discharge time disproportionately. Secondly, in contrast to previous gait studies that used retrospective data, this study is the first prospective observational study of gait speed among a large cohort of patients in an ambulatory surgical setting. This study demonstrates the feasibility of the novel use of gait speed for preoperative evaluation of patients within the constraints of the ambulatory surgical suite. In addition, determination of time to discharge readiness was performed by nursing and medical staff who were blinded to the subjects' comorbidity status or anesthetic management, hence limiting the potential for observer bias. Lastly, the study models suggest the potential utility of preoperative gait speed in the ambulatory surgical context and other settings in which delayed pass-through may have economic implications both on healthy and unhealthy patients and potentially help delineate those who may be eligible for fasttrack recovery.
Study Limitations
Although the broad population sample may lend generalizability to the study results, it may also have been a limitation because the heterogeneity of the patients from multiple surgical subpopulations may have made it challenging to compare gait speed among groups of surgical patients. Future studies may address this issue by focusing on intragroup analysis and using a more homogenous group of patients (e.g., all patients undergoing only cataract surgery).
Second, this study was performed at a single academic medical center. Hence, determination of the primary endpoint of discharge readiness, although following the standardized Aldrete scoring protocols, may have adaptations unique to this center that may have influenced the actual discharge readiness time. Thus, the relationship between the primary predictor, gait speed, and the measured primary outcomes of discharge readiness and unplanned admissions may have to be externally validated at other academic centers and in different ambulatory surgical settings. Nonetheless, the prediction models used in this study add to the body of literature on the association between preoperative functional markers (such as gait speed) and discharge readiness outcomes.
In contrast to studies of gait speed within the inpatient surgical population, failure to find a predictive association between gait speed and the secondary outcomes of nausea/vomiting and minor bleeding at 24 hrs postoperatively underscores the relatively infrequent occurrence of these events within the context of elective ambulatory surgery. Longer-term follow-up (1 wk and 1 mo) in the future may allow more accurate assessments of any possibly delayed complications. However, the 24-hr follow-up for complications is the standard of practice. 39 The exclusion of patients with movement disorders or those with findings of mobility-limiting back pain, although necessary to limit the effects of confounders, makes it difficult to extend the findings of this study to all patients undergoing elective surgery in the ambulatory surgical setting. One may surmise that patients with movement disorders and mobility limitations may have slower gait speeds, thus having more prolonged home-discharge readiness times. It is also plausible that the 1 m/sec cutoff used in this study may be too stringent of a threshold for this subgroup of patients. 11 Thus, one may have to recalibrate a different gait speed cutoff when performing gait testing among a cohort of patients who are mobility limited. The wide range of gait variability among different older adult populations makes establishing a standard cutoff a daunting task. 40 A way forward may be population-specific determinations that account for mobility-related disorders that potentially influence performance on gait testing. Future studies may consider conducting such gait speed testing among those with mobility limitations within the preoperative clinical setting. Overall, however, gait speed seems to hold some promise as a preoperative screening tool in the context of ambulatory surgery. Nonetheless, definitive commendations for clinical use and interpretation of gait speed testing within the ambulatory surgical setting should be tempered by the limitations of this study.
CONCLUSIONS
This study adds to the growing body of literature, which suggests that gait speed is predictive of clinical outcomes in selected populations. In support of studies of general and cardiac surgical inpatients, in which gait speed predicted morbidity and mortality, 2 this study demonstrates the new use of gait speed testing in predicting early discharge and also identifying those patients at risk for unplanned admissions in the ambulatory surgical setting. Future studies focused on the design of a risk score based on the predictive associations of preoperative gait speed with other risk classification measures may provide a cost-effective tool to screen high-risk patients and help guide perioperative resource allocation.
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